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ISCHEMIA-REPERFUSION
Ozone oxidative preconditioning protects the rat kidney from reperfusion injury via modulation of the TLR4-NF-κB pathway Ozone (O 3 ) has been used as a therapeutical agent for the treatment of different diseases 3 . It has been demonstrated that ozone oxidative preconditioning (OzoneOP) induced protective effects in renal I/R injury [4] [5] [6] [7] . It is a simple and harmless method which provides a new tool to protect organ from I/R injury.
Our previous studies has demonstrated that OzoneOP reduced inflammatory responses in rat renal I/R model 5 . However, it remained to be determined whether the renoprotective effect of OzoneOP was associated with modulation of the TLR4-NF-κB pathway. The major purposes of this study were to determine whether OzoneOP attenuated the inflammatory response by the modulation of the TLR4-NF-κB pathway in renal I/R injury.
Methods
Animal preparation and experimental design
This project was approved by the committee of experimental animals of Wuhan University, and the procedures were carried out according to the routine animal-care guidelines.
All experimental procedures complied with the Guide for the Care ozone oxidative preconditioning group (OzoneOP+I/R, n=12):
Before the I/R procedure (as in group 2), rats were treated with ozone as previously described [5] [6] [7] . Briefly, rats received 15 ozone treatments by rectal insufflations 1 mg kg−1, once a day, at an ozone concentration of 50 μg ml−1. Rats were killed at 24h after I/R injury. Blood samples (1 mL) were taken from the inferior vena cava for the measurement of urea nitrogen (BUN) and creatinine (Cr).
Preservation of kidneys
The left kidney was removed under fully maintained anaesthesia. After removal, the kidney was fixed in 10% phosphatebuffered formalin or immediately frozen, and stored at -80°C for different determinations.
Serum assays
To assess Cr and BUN, blood samples (n=6 for each group) were collected, centrifuged and kept at -20°C until analyses, adopting standard techniques using an Olympus AU 2700 Analyzer (Olympus Optical Co. Ltd, Tokyo, Japan).
Histological examination
The kidney was fixed in 10% neutral-buffered formalin, paraffin embedded and sectioned at 4um thick according to the standard procedure. The sections were deparaffinized and hydrated gradually, and examined by HE staining. Morphological assessment was performed by an experienced renal pathologist who was unaware of the treatment. A grading scale of 0-4, as outlined by Jablonski 8 , was used for the histopathological assessment of ischemia/reperfusion-induced damage of the proximal tubules.
Immunohistochemistry
The expression of TLR4 and NF-κB were conducted by immunohistochemical staining. Briefly, 4-μm sections were deparaffinized, and endogenous peroxidase activity was blocked with 3% hydrogen peroxide at 37°C for 10 min. Then the sections were treated with 10% normal goat serum in Tris-buffered saline (TBS) for 30 min at 37°C. Subsequently, they were incubated overnight at 4°C with anti-TLR4 (Cell Signaling Technology, Boston, MA) and anti-NF-κB (Cell Signaling Technology, Boston, MA). After washing three times with PBS, these sections were incubated with the secondary antibody for 30 min at room temperature, followed by color reagent DAB. In negative control group, the experiments were routinely performed.
Realtime PCR
Total RNA were isolated using Trizol reagent (Invitrogen) and RNA concentration was obtained by spectrophotometer (n=6 for each group). Single-stranded cDNA was synthesized using the cDNA synthesis kit (Takara, Kyoto, Japan) according to the (Gen-Bank accession number NM_031144).β-actin was used as a housekeeping gene. Relative mRNA levels were normalized to those of β-actin and described as the fold change from the sham control group.
Western blot analysis
Total proteins (n=6 for each group) were extracted, and quantified using Bicinchoninic acid method. Then, equivalent weights of protein (40 μg/lane) was separated on 10% SDS-PAGE gels and then transferred to nitrocellulose membrane.
The membranes were blocked with 5% non-fat milk in TBST buffer and then incubated with the following rabbit polyclonal 
Statistical analyses
All data are expressed as means±SEM. The KolmogorovSmirnov test was applied to test for a normal distribution. The means of the different groups were compared using one-way ANOVA Student-Newman-Keuls test. All statistical analyses were performed with the SPSS statistical package (SPSS 13.0 for Windows; SPSS, Inc., Chicago, IL). Significant differences were accepted when P values were less than 0.05.
Results
OzoneOP improves renal dysfunction
The renal functional parameters of rats were significantly different at 24 h after I/R injury. Rats subjected to I/R injury showed significant increases in BUN and Cr compared with shamoperated rats. The renal function changes induced by ischemia/ reperfusion were significantly improved by OzoneOP treatment ( Figure 1A, B) .
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Renal ischemia/reperfusion resulted in significant renal injury as evidenced by tubular necrosis, medullary hemorrhage, congestion and development of proteinaceous casts. OzoneOP relieved these severe renal damages (Figure 2 ). According to Jablonski scores, quantitative analysis showed a dramatically increased score in I/R group. In contrast, the score was significantly reduction in OzoneOP+I/R group compared with I/R group ( Figure 1C ). 
OzoneOP decreased TNF-α, IL-1β, IL-6, ICAM-1 and MCP-1 expression
To investigate the mRNA expression of I TNF-α, IL-1β, IL-6, ICAM-1 and MCP-1, we measured their levels by realtime PCR. The mRNA levels of TNF-α, IL-1β, IL-6, ICAM-1 and MCP-1 were significantly greater in I/R group than in sham group.
However, OzoneOP inhibited the mRNA expression of TNF-α, IL-1β, IL-6, ICAM-1 and MCP-1after renal I/R (Figure 3) .
Effect of OzoneOP on TLR4 and NF-κB expression
Western blot analysis and showed a significant increase . The previous study reported that OzoneOP significantly reduced NF-κB expression and inhibited inflammatory responses in liver I/R injury 19 . However, the role of OzoneOP on TLR4 and NF-κB expression in ischemic kidney has not been determined yet. In this study, we investigated the TLR4 and NF-κB expression at 24h after ischemia in sham group, I/R group and OzoneOP group. Our results showed that OzoneOP significantly attenuated the TLR4 expression caused by renal ischemia/reperfusion injury, which was proved by western blot and immunohistochemistry.
There are some limitations in our study. Although
OzoneOP is a simple and harmless method, a recent report showed that diabetes increases the susceptibility to I/R induced renal dysfunction in mice. This increased susceptibility derived from a heightened inflammatory response involving TNF-α and TLR4 signaling 20 . So, the aged or diseased rats may need to be investigated in further study. On one hand, only short-term period of survival were assessed. It is possible that the reduction of TLR4 might lead to long-term protection on renal fibrosis. Thus, the long-term consequences of OzoneOP may need to be investigated in further study. On the other hand, vitro studies are needed to confirm these results.
Conclusions
OzoneOP could reduce the expression of TLR4 and NF-κB expression in renal ischemia/reperfusion injury. Subsequently, decreased inflammatory molecules and leukocyte recruitment were observed. These findings suggested that the potential role of OzoneOP attenuated renal I/R injury by the modulation of TLR4-NF-κB pathway.
